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NATIONAL RDREWORD 

This Indian Standard (Part 1) which is identical with ISO 14855-1 : 2005 'Determination of the ultimate 
aerobic biodegradability of plastic materials under controlled composting conditions — Method by analysis 
of evolved cartxin dioxide — Part 1: General method' issued by the International Organization for 
Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation of the Plastics 
Sectior^ Committee and approval of the Petroleum, Coal and Related Products Division Council. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularfy drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be read as 
'Indian Standard'. 

b) Comma (,) has been used as a decimal marker in the International Standard while in Indian Standard, 
the current practice is to use a point (.) as the decimal marker. 

The technical committee responsible for the preparation of this standard has reviewed the provisions of the 
foHowing lntematk>nal Standards and decided that they are acceptable for use in conjunction with this 
standard: 

International Standard Title 

ISO 5663 : 1 984 Water qucUity — Determination of Kjeldahl nitrogen — Method after mineralization 

with selenium 

ISO 8245 : 1 999 Water quality — Guidelines for the determination of total organic carbon (TOC) 

and dissolved organic cartwn (DOC) 

In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or cateulated. is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for 
rourxling off numerical values (revised^'. 
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Indian Standard 

DETERMINATION OF THE ULTIMATE AEROBIC 

BIODEGRADABILITY OF PLASTIC MATERIALS UNDER 

CONTROLLED COMPOSTING CONDITIONS — 

METHOD BY ANALYSIS OF EVOLVED 

CARBON DIOXIDE 

PART 1 GENERAL METHOD 

WARNING— Sewage, activated sludge, soil and compost may contain potentially pathogenic 
organisms. Therefore appropriate precautions should be taken when handling them. Toxic test 
compounds and those whose properties are unlinown should be handled wi4i cafv. 

1 Scope 

This part of ISO 14855 specifies a method for the detemiination of the ultimate aerobic biodegradabtlity of 
plastics, based on organic compounds, under controlled composting conditions by measurement of the 
amount of carbon dioxide evolved and the degree of disintegration of the plastic at tfie end of tt>e test This 
method is designed to simulate typical aerobic composting conditions for the organic fraction of solid mixed 
municipal waste. The test material is exposed to an inoculum which is derived from compost The compostir>g 
takes place in an environment wherein temperature, aeration and humidity are closely monitored and 
controlled. The test metfKxJ is designed to y»k) the percentage conversion of the cartxm in tfie test material to 
evolved carbon dioxide as well as tt>e rate of conversion. 

Subclauses 8 6 and 8.7 specify a variant of Vne method, using a mineral bed (vermicuNte) inoculated with 
ttiermophilic microorganisms obtained from compost with a specific activation phase, instead of mature 
compost. This variant is designed to yieM the percentage of cartxm in the test substance converted to cation 
dk}xkle and the rate of conversk>n. 

The coTKlitions described in this part of IS0 14855 may not always correspond to ^e optimum condittons for 
the maximum degree of t>iodegradation to occur. 

2 Normative references 

The (blowing referenced documents we incKspensat^ for tfte a^^ication of tr«s docwnent For diMcl 
refererKes. only the edWon cited applies. For undated references, the latest editicm of the referenced 
documerrt OncfcKftig any amendmer^) i^ipNes. 

ISO 5663:1984, VVrter (^a% — CMommMon of KjeMaN rUtrvgen — Mothod aftw mnenliza^on wim 
soktniunt 

laj 8245:1999, WatorquaMfy— Gukmnes for the detwmn^on (^ total orgarnc carton (TOC) and (Msaolvetl 
aganic cartxm (DOC) 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 

uitifnata aerobic biodegradation 

the breakdown of an organic compound by microorganisms in the presence of oxygen into carbon dioxide, 
water and mineral salts of any other elements present (mineralization) plus new biomass 

3.2 
composting 

an aerobic process designed to produce compost 

NOTE Compost is an organic soil conditioner obtained by biodegradation of a mixture consisting principally of 
vegetable residues, occasionaHy witfi other organic material, and having a limited mineral content. 

3.3 
(tttintagixtton 

the physical brealcdown of a material irrto very small fragments 

3^ 

total (^ •oihto 

the vnount of solids obtained by talcing a known volume of test material or compost and drying at about 
105 *C to constait mass 

3.S 

voBow aosas 

the »nount of soNds obtained by subtracting the residue of a known volume of test material or compost after 
indneralion at about 550 *C from the total dry solids of the same sample 

NOTC The voiMHe-MMt contant » an in<ficat)on of the amount of organk; matter present 

3.* 

ttMoraOcal MiKMint of ovolvod carbon dioxide 
TbCO, 

the maximum theoretkal amount of c»ton dioxkto evolved after completely oxidizing a chemteal compound, 
calcutatad tmm the molecuiar fonnula and expressed as milligrams of carbon dioxide evolved per milligram or 
gram of teat oempuOTd 

3.7 

lag phaaa 

the time, measured in days, from the start of a test until adaptation and/or selection of the degrading 
microorganisms is achieved and the degree of biodegradation of a chemical compound or organic matter has 
inoaaaed to about 10 % of the maximum level of biodegradation 

3J 



"* <*egree of biodegradaten. measured in per cerrt, of a chemkal compound or organic matter In a test, 
above which no further biodegradation takes piace durmg the test 

3J 



the time, measured h days, from the end of the lag phase of a test until about 90 % of the maximum level of 
hiodsg r a d ation hM been reached 

3.10 



»e Vnf. measured in days, from the end of the biodegradaten phase until the end of a test 

3.11 

acBvelMl vemlctdMs 

varmicuBe colonized by an active microWrtpopulatton during a preliminwy growth phase 
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4 Principle 

The test method determines the ultimate t)iodsgradat}Jlity and degree of disintegration of t«st malarial under 
conditions simulating an intensive aerobic composting process The «>oculum used consists of itablizMl. 
mature compost derived, if possible, from composting the organic fraction of solid munic^ vvasta 

The test material is mixed with the inoculum and introduced into a static composing vessel whsra H la 
intensively composted under optimum oxygen, temperature and moisture condttkKts for a Mti period not 
exceeding 6 months. 

During the aerobic blodegradation of the test material, carbon dioxide, water, minerai salts and new microbal 
cellular constituents (biomass) are the ultimate biodegradation products The cart)on dioxide products is 
continuously monitored, or measured at regular intervals, in test and blank vessels to dMwmina ttw 
cumulative cartwn dioxide production. The percentage biodegradation is given by Vhe ratio of the cartion 
dioxide produced from the test material to the maximum theoretical amount of cartxMi dionde that can be 
produced from the test material The maximum theoretical amount of carbon dioxide produced is caiariated 
from the measured total organic carbon (TOC) content. The percentage tMOdegradaton does not indude that 
amount of carbon converted to new cell biomass which is not metabolized in turn to carbon dioxide (hiring the 
course of the test. 

Additionally, the degree of disintegration of the test material is determined at the end of the test, and the loss 
in mass of the test material may also be determined. 

Vermiculite should be used instead of mature compost 

a) whenever the determination of the degree of biodegradation Is affected by a priming effect Hxluced by the 
test material 

and/or 

b) when performing a final cartxin balance with biomass detennlnation and retrieval of the residual Mat 
material. 

The vermiculite bed, being inorganic, substantiatty reduces the priming effect, thus improving the reNabM^ d 
the method A further advantage of using vermiculite is the very small amount of cartion dioxide evolved in the 
blank vessels (neariy zero), because of the low level of microbial activity This permKs km levels of 
degradation activity to be evaluated precisely 

The mineralization rates obtained with the activated vermiculite are identical, or very similar, to those oMairwd 
with mature compost, both in terms of the final degradation level and the degradation rate 

5 Test environment 

incubatkMi shall be in ttte darlc or in diffused Hght. in an enclosure or room maintamed at a ooratant 
temperature of 58 'C ± 2 'C okJ free from vapoirs inhtoitory to microorganisms 

In special cases, eg. when the melting point of the test material is tow, anotfter temperatire may be chosen. 
This temperature shall be kept constant during the test to within 1 2 °C Any dhangt in tempenkii* shal be 
justifkKl and dewty imficated in tfte test report 

6 Reagents 

6.1 TLC (thin-layer cliromatogrephy) grade ceiiuloee 

Use TLC (thnvlayer t^vomatography) ^ade cetkiiose wi«t a partide size of le« than 20(i>n as ttw 
posittve-contn^ ntference material 
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6.2 Vermiculite 

Vermiculile is a clay mineral used for building purposes, Known to be particularly suitable as a microbial carrier, 
allowing survival and full activity of microbes. The composition of the native mineral, before heat treatment, is 
AI2O3 10 %, MgO 30 %, CaO 5 %, SiOj 50 % and combined HjO 5 % When the mineral is subjected to heat 
treatment, it loses the combined water and expands, giving "expanded vermiculite" Expanded vermiculite in 
flake form shall be used. Expanded vermiculite has a large capacity for water storage, and a water content 
comparable with that of mature compost can be obtained in the bed. 

Vermiculite can be classified into three types, as follows: 

"ConcrBte' type: apparent density SOkg/m^i 16kg/m3 (at the time the material is put into sacks); particle 
«2e: 80 % between 12 mm and 4 mm, 2 % passing through a 0,5 mm sieve. 

'Medium' type apparent density 90 kg/m^t 16 kg/m^; particle size: 80 % between 6 mm and 1 mm, 2 % 
passing through a 0,5 mm sieve. 

'Fine" type: apparent density 100kg/m3±20kgym3; particle size: 80% between 3 mm and 0,7 mm, 5% 
passing through a 0,5 mm sieve. 

For the puposes of this part of ISO 14855. the concrete type Is used.^' 



7 Apparatais 

Ensure ttiat all glassware is thoroughly cleaned and, in particular, free from organic or toxic matter. 

7.1 Composting vessels: Glass flasks or tx>tttes that allow an even gas purge in an upward direction. 

A minimum volume of 2 litres is required to meet the requirements specified in 8 2 and 8.3. Depending on the 
test material, a smaller -yolume may be used for screening purposes. If the loss in mass of the test material is 
to toe determined, weigh each composting vessel empty. 

72 Air-supply system, capable of supplying each composting vessel with dry or water-saturated, if 
required carborvdioxide-free, air at a pre-set flow rate which shall be high enough to provide truly aerobic 
conditions during ttw test (see example given in Annex A). 

7.3 Apparatus for ttte determination of cartM>n dioxide, designed to determine cartMn dioxide directly or 
by complete absorption in a bask: solution and determination of the dissolved Inorganic carbon (DIC) (see 
a*aft\;Ae given In Annex A). If the cartxHi dk>xide in the exhaust air is measured directly, for example with a 
oorMmuous infrared analyser or a gas chromatograph. exact control or measurement of the air-flow rate is 
required. 

7.4 Gas-tight tubes, to connect the composting vessels with the air supply and the carbon dioxide 
me^urement system. 

7.5 pH-metar 

7.t Analytical eqi^pment for the determination of dry solids (at 105 °C), volatile solids (at 550 "C) and 
toti organic carbon (TOC), for elemental analysts of the test material and, if required, for the determ^tion of 
<Sssolved inorganic cart»n (DIG) 



1) A possible source of lt»i* type of vermkaiMe is BPB [He Park hkxise, 15 Bath Road, Stough SL1 3UF. W 
(WBLiSilSSSS} This Infomratlon is given for the converaence of users of this part of ISO 14855 and does not consbtiAS 



m •ndorsement by ISO of the source named. 
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7.7 Balance (optional), to measure the mass of test vessels containing cximpost and test material which is 
normally In the range between 3 kg and 5 kg 

7.8 Analytical equipment (optional), for the determination of oxygen m the air moistare. volatile tatty acids 
and total nitrogen (e g by the Kjeldahl method as specified in ISO 5663) 

7.9 Bioreactors for activation of the vermiculite Containers, with a volume tjefween 5 I and 20 1, which 
are not actively aerated. The containers shall be closed in such a way as to avoid excessive drying out of the 
contents. Openings shall, however, be provided to allow gas exchange with the atmospfiere and ensure 
aerobic conditions throughout the activation phase 

An example of a suitable bioreactor is a Ixix, made of polypropylene or another suitable mateiiai. having the 
following dimensions: 30 cm > 20 cm x 10 cm (I, w, h) The box shali have a tightly fitting M in order to avoid 
excessive loss of water vapour. In the middle of thie two 20-cm-vinde sides, a hole 5 mm in diameter shall t>e 
made at a height of about 6,5 cm from the twttom of the box It is these two holes which allow gas exchange 
between the atmosphere inside the box and the outside environment 



8 Procedure 

8.1 Preparation of the inoculum 

Well aerated compost from a properly operating aerobic composting plant shall be used as the inoculum The 
inoculum shall be homogeneous and free from large inert objects such as glass, stones or pieces of metal 
Remove them manually and then sieve the compost on a screen of about 0,5 cm to 1 cm 

NOTE 1 It is recommended that compost from a plant composting the organic fraction of solid municipal waste be used 
in order to ensure sufficient diversity of microorganisms The age of ttie compost should preferabty be tjetween 2 and 4 
months If such compost is not available, compost from plants treating garxJen or farmyard waste or mortures of garden 
waste and solid municipal waste may be used 

I^OTE 2 It IS recommended that compost with sutficiem porosity t>e used to enable aerobic conditions to be maintained 
as much as possible Addition of structural matenal such as small wood particles or inert or poorty biodegradable material 
may prevent the compost sticking together and clogging durvig the test 

Determine the total dry solids and the volatile-solids content of the inoculum The total dry solids content shall 
be between 50 % and 55 % of the wet solids and the volatile solids no more than about 1 5 % of the wet or 
30 % of the dry solids. Adjust the water content, if necessary, before the compost is used by addtr^ water or 
gentle drying, e.g. by aerating the compost with dry air 

Prepare a mixture of 1 part of inoculum with 5 parts of deionized water Mix by shaking and measure the pH 
immediately It shall be between 7,0 and 9,0 

NOTE 3 For furtfier characterization of the inoculum, suitable parameters such as ttie content o» total organic cartx)n 
total nitrogen or fatty ackJs can optionally t)e detennined at the tieginning and the end of ttie test 

Check the activity of the inoculum during the test by means of a biodegradable reference material (see 
Clause 6) and by measuring the carbon dioxide evolution in the tjlank vessels The reference matenal shaH be 
degraded by 70 % or more at the end of the test (see Clause 10) The inoculum in tfie Wank shai produce 
between 50 mg and 150 mg of caftx>n dioxide per gram of volatile solids over the first 10 days of Vne test (see 
Clause 10) If the production of cait>on dioxide is too high, stabilize the compost by aeration for several days 
before using it in a new test. K the activity is too tow, use another compost for the inoculum 

8.2 Preparation <rf test material and reference material 

Determine Ihe UA^ organic c»ton (TOC) of 9w test matenal and the reference matKiat using e g ISO S245 
arKi report it, pr^erabiy, as grams (rf TOC per gram of total dry solids AU^natniety. provided Hie rr«atenais do 
not oonMn inorganic carton, it a pout>le to determine the c»t>on content by elementiM aniMysis The test 
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material shall have sufficient organic cartjon to yield carbon dioxide in an amount suitable for the 
determination Normally, a minimum of 50 g of total dry solids containing 20 g of TOC is required per vessel. 

if the loss in mass is to be determined, determine the total dry solids and volatile solids of the test material. 

NOTE The loss in mass of the test material and reference material during the test can be detemiined, optionally, as 
additional infomiation. In the example given in Annex C, the volatile-solids content of the test material is detemiined at the 
t>eginning of the test and compared with that at the end of the test. 

Use test material in the form of granules, powder, film or simple shapes (e.g. dumb-bells). The maximum 
surface area of any individual piece of test material shall be about 2 cm x 2 cm. If any pieces in the original 
test material are larger, reduce them in size. 

8.3 Start-up of the test 

Set up at least the following numbers of composting vessels {7.1): 

a) three vessels for the test material, 

b) three vessels for the reference material; 

c) three vessels for the blank. 

The amount of test mixture, containing inoculum and test material, used in the test will depend on the quality 
of the test material (see 8 2) and the size of the composting vessels. The ratio of the dry mass of the inoculum 
to the dry mass of the test material shall be atxxjt 6:1. Be sure^at the same amount of compost is in each 
vessel Inert material, if added (see note 2 to 8.1), is not considered in this relationship. Fill about 
three-quarters of the volume of the composting vessel with the test mixture. Leave sufficient headspace to 
allow manual shaking of the test mixture. 

In a typrcal case, prepare composting vessels whk:h have a volume of about 3 litres, weigh out an amount of 
irK)culum containing 600 g of total dry sotkls and an amount of test material containing 1(X) g of dry solids and 
mix well The test mixture shall have the same water content (about 50 %) as the inoculum (see 8.1) If should 
feel somewhat stk:ky and have some free water availatde when gently pressed by hand. Adjust the moisture 
content of the mixture, if required, by adding water or by aerating with dry air. Introduce the mixture into the 
composting vessels. 

NOTE t It a recommended that ttie ratio t>etwe«n organic ca(1x>n and nitrogen (C/N rabo) of the test mixture is 
opbmized so as to ensure a good compostmg process The C/N ratio for ttw test mixture shoukt preferably t)e t>etween 10 
and 40 It may tw adjusted with urea, if necessary The organic-carbon content can be calculated from the TOC of the 
inocuhjm and tt>e test maleriai. The total nitrogen content can be measured in a representative sample of the test mixture, 
e 9 by using the Kjaklahl method as specified in ISO 5663 

Place the composting vessels in the test environment at 58 *C ± 2 'C (see Clause 5) and initiate aeration 
using water-saturated, cartxjn-dioxide-free air This can be produced by passing the air through wash-bottles 
fiBed wTth sodium hydroxide solutwn (see Annex A). 

NOTE 2 Normal air, ralt>er than ca(t>on-dioxkJe-free air, can be used if the carbon dioxkle concentration in the exfiaust 
a<r 9 direcfly measured In this case, measurement of ttie carbon dioxide concentration at the inlet and outlet of each test 
«»$«» « recommended For correction, sut>tract the inlet concentration from the outlet concentration (wheh will be much 

higher) 

Use a suflicientty high flow rate to ensure that aerobic conditions are maintained during the test throughout 
each compostmg vessel Check the air flow regul»1y at each outlet, e.g. by using wash-bottles, to ensure that 
there are no leaks ki any part of the system. 

•^^^ 3 Regilar rn^surement of the oxygen concentrsUon in the exhaust air from the composbng vessels will help 
matntam aerobic conditons. If this is done, the oxygen concentratnn shouki not be alowed 'o irop below about 6 %. 
Oxygen tovets shouM be doseiy monitorwl during the llrst wMk. eg. by measuring at least twice daily Afterwards, the 
maaMMmMit frequency CM be reduced. Ai^ust air IkM rates as needed. 
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Handle the reference material in the same way as the test material The vessels for the t>iank contain only 
inoculum It shall have the same amount of total dry solids as the vessels with test material 

8.4 Incubation period 

Measure the amount of cartxsn dioxide evolved from the exhaust air of each composting vessel at 
intermediate time intervals directly using a gas chromatograph, a TOC or an infrared analyser oi, alternatively, 
measure the cumulative cart)on dioxide evolved as dissolved inorganic cartxwi (DIG) after absorption in 
sodium hydroxide solution using e.g. ISO 8245 (see Annex A) The frequency of measurement will depend on 
the measurement method used, the desired precision of the biodegradation curve and the biodegradabilrty of 
the test mixture. If direct measurement is used, measure the cartx>n dioxide evolved at least hwice per day at 
time intervals of about 6 h during the biodegradation phase and once per day later on dunng the plateau 
phase. If the cumulative method is used, measure the DIG once per day dunng the biodegradation phase and 
about twice per week during the plateau phase. 

Shake the composting vessels weekly to prevent extensive channelling and to ensure uniform attack ot Xhe 
microorganisms on the test material. 

NOTE 1 It is recommended that ttie air-supply system and the cartx>n dioxide measurement system tie disconnected 
before shaking the compost vessels. 

Ensure that the humidity of the test mixture in the composting vessels is neither too high nor too low by visual 
observation. No free-standing water or clumps of material shall be present Very dry conditions are. typically, 
revealed by the absence of condensate in the headspace of vne composting vessel Moisture can also 
optionally t>e measured by suitable instruments. In this case, the moisture content should be kept at at)0ut 
50 % (see 8.1). The desired moisture content is achieved by aerating with humidified or dry air A more drastic 
change in the moisture content can be obtair>ed by adding water or by drainage via the air inlet The weekly 
shaking of the compost vessels is helpful in ensuring an even distntnjtion of moisture If adjustments are made, 
monitor the carbon dioxide evolution dosely 

During the weekly agitatk>n of the compostir>g vessels and at the end of the test penod, record »iy visual 
observations with regard to the appearance of the compost, such as structure, moisture content, cokxir fungal 
development, smell of the exhaust air and disintegration of the test material 

Incubate the composting vessels for a period not exceeding 6 months at a constant temperature of 
58 °C ± 2 °G which is representative of full-scale composting The incubation period can be extended until a 
constant plateau phase is reached, if significant biodegradation of the test matenal is still observable 
Alternatively, the incubation period can be shortened if tfie plateau phase is reached earlier 

Measure the pH at regular intervals, as at the start of the test (see 8 1) 

NOTE 2 If the pH is less than 7.0. biodegradation coukj be inhibited due to acidification of the compost by rapid 
degradation of an easily degradable test matenal In ttvs case, measuisment of tt>e volatile fatty acidt spectrum n 
recommended to che<* for souring of ttie contents of tt>e composfmg vessef If more than 2 g of volatile fatty aods per 
kik>gram of total dry solids has t>een fomied. then the test must t>e regarded as invalid due to acidification and mhjxtion of 
ttie microbial activity To prevent ackjifkation. add more compost to aU vessels or repeat tfie test using for example, less 
test matenal or more compost 

8.5 Termination of the test 

if the loss in mass of the test material is to be determined (see tt>e note to S 2). weigh tf^ composting vessels 
with their test mixture Take samptes of ttie test mixture from all vessels Determine the total dry solids and tfie 
volatile solids 

Record any visual observations wnth regard to the appearance of ttie test matenal to determine its degree of 
disintegration. 

NOTE It is recommended that further mvesbgations tw cvned out with any test matenal remammg. such at 
measuring relevant physKal properties, chemical anatysit and photography 
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8.6 Use of vermiculite 

If using vermiculite rather than compost, the vermiculite is first activated by inoculating it with a solution 
containing both organic and inorganic nutrients and mature compost. The composition of the inoculum 
solution used shall be as given in Tables 1. 2 and 3. The ratio of vermiculite to inoculum solution shall be 1.3 
(mass/wlume). 

Prepare the compost extract used in the inoculum solution by mixing mature compost with deionized water 
(20 % mass/volume) for about half an hour, then filtering the slurry with a strainer (aperture size about 1 mm). 
A further filtration through filter paper or centrifugation at about 1 000 rpm for 1 5 min can then be performed. 





Table 1—( 


Composition of 1 1 of inoculum solution 




Constituent 


Mineral solution 
(see Table 2) 


Suitable nutrient 
broth 


Urea 


Com 
starch 


Cellulose 


Compost 
extract 


Amount 


500 ml 


13g 


5,8 g 


20 g 


20 g 


500 ml 



Table 2 — Composition of 1 1 of minerai solution 



Chemical 


KHjPO, 


MgS04 


CaCl2 
(10 % solution) 


NaCI 
(10 % solution) 


Trace-element solution 
(see Table 3) 


Amount 


19 


0.5 g 


1 ml 


1 ml 


1 ml 





Table 3 — Composition of 1 1 of trace-element solution 




Chemical 


HsBOs 


Kl 


FeCb 


MnS04 


(NH4)6M07O24 


FeS04 


Amount 


500 mg 


100 mg 


200 mg 


400 mg 


200 mg 


400 mg 



Mix the necessary amounts of vermiculite and inoculum solution to give a homogeneous mixture, and 
dispense the mixture into the bioreactors (about 1 kg of mixture in each). Weigh each bioreactor with its 
contents and incubate at 50 'C ± 2 "C for three/four days. 

Reweigh the bioreactors daily and, if necessary, bring the mass baci^ to its original value by adding 
chlorine-free tap water, deionized water or distilled water. In addition, ma the contents of each bioreactor daily 
with a spatula or an ordinary spoon to ensure aeration. 

Vermiculite treated in this way is referred to as 'activated vermiculite" and can be placed in the composting 
vessels for use as a solid bed instead of ft>e mature-compost inoculum (see 8.1). For normal assessments, 
use 800 g of activated vermiculite in each composting vessel. 

The amounts of activated vermiculite and test material used in the test will depend on the size of the 
composting vessels The ratio between tfw *y mass of the activated vermiculite and the dry mass of the test 
material should preferably be about 4 1. About half of the volume of the composting vessel should be fiHed 
with the test mixture. Sufficient headspace is requred to be able to manually shake the test mixture. 

For normal assessments, use composting vessels whkii have a volume of about 3 1. Weigh out an amount of 
activated vermiculite conresponding to 200 g of dry solids and an amount of test material corresponding to 
50 g of (toy sdids, and mix well before introAidng the mixture into the vessels. 
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8.7 Recovery procedure and carbon balance when tning vermiculite 

At the end of the test, the vermiculrte beds can be extracted to recovef and determine quantitafivety the 
amount of test material remaining and the amounts of degradation by-products and/or biomass present The 
bed in each composting vessel can be analysed independently or the contents of all the composting vessels tn 
a series pooled and analysed together The values obtained for the amount of btomass, the amount of lest 
material remaining and the amount of by-products can tie used, along with the amount of cartxxi evolved as 
CO2 during the test, to perform a final cartxxi balance. The amount of cartxjn present in the original test 
material is compared with the amount of carbon evolved as CO2 dunrvg the test, ttie amount ot cartX)o 
transformed into biomass. and the amount of carlxin in the remaining test matenal and in the degradation 
by-products, at the end of the test In this way. it is possible to validate the result obtained for the degree of 
biodegradation. 

The extractions can be performed in sequence using water and/or organic soh«nts, depending on ftw nature 
of the test material. For this purpose, can^ out preliminary solut«lity trials on tt>e test material to choose a 
suitable solvent. 

Analytical procedures which can be used are spectroscopy (IR. UV-V)sibte, NMR. etc ). chromatography, 
gravimetric analysis, elemental analysis, etc. These procedures can t>e applied directly to the extracts ar>d/of 
to concentrates of the extracts. Tlie extracts can also be subjected to ecotoxKx>logical testing 

9 Calculation and expression of results 

9.1 Calculation of the theorstical amount of cartKxi dioxkte 

Calculate the theoretical amount of cartoon dioxide ThC02. m grams per vessel, which can be produced by ttie 
test material using Equation (1): 

ThC02 = WTOT-<^TOT''^ m 

where 

A/jOT '^ 1^ ^o^^' ^lY solids, in grams, in tt>e test material introduced into the composting vesseh at 

the start of the teti; 

CjQf is the proportion of total organic carbon in the total dry solids m the test matenat. m grams per 

gr»n; 

44 and 12 are the molecular mass of carbon cNoxide and tfte atomic mass of cactoon. respectiveiy 

9.2 Calculation of the pwcentag* biodegradatton 

From the cumulative amounts of carbon dioxide released, calculate the percentage tHodegradation o, of the 
teti materia for each measuremer^ interval t»ing Equation (2): 

(CO^)t-(CO;)b^,00 ^ 

' ThCOj ■ 



where 



(COjH is the cumiriative amowit of carbon dkixide evolved in each composing vessel contaming test 
material, in ^asrts per vessel; 

(C02}b is t^w rrwan cumuMive amowit of c»bon ^o)a(k) evc^ved in 0ie blai^ vessels, in gtamn per 
vesa^; 

ThCO; is the ttieoretical amowit of cxbon dicwide which can be produced by the test m^erial. in grams 
pervM^. 
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If the differences between the individual results are less than 20%, calculate the average percentage 
biodegradation If this is not the case, use the values for each composting vessel separately. 

Use the same equation to calculate the degree of biodegradation of the reference material. 

9.3 Calculation of loss in mass 

An example of the optional calculation of loss in mass, based on the volatile-solids content, is given in 
Annex C. 

9.4 Expression of results 

Compile fables containing the measured and calculated data on the test materiai. the reference material and 
the blanks for each day of measurement. Examples of forms for this purpose are given in Annex E. 

Plot the cumulative amount of carbon dioxide evolved for each composting vessel containing tiank, test 
material and reference material as a function of time (see example given in Annex B). Plot a biodegradation 
curve (percentage biodegradation as a function of time) for the test material and the reference material (see 
example in Annex B). Use mean values if the differences between the individual values are less than 20 %. If 
this is not the case, plot biodegradation curves for each composting vessel. 

Read from the plateau phase of the bkxJegradation curve the mean degree of biodegradation and report it as 
the final test result. 

If the test material consisted of discrete pieces, describe qualitatively the degree of disintegration of the 
material. Add further information such as photographs or measured values of relevant physical properties if 
avaVable 



10 Validity of results 

The test is considered as valid if 

a) the degree of biodegradation of the reference material is more than 70 % after 45 days; 

b) the differefKe between the percentage biodegradation of the reference material in the different vessels is 
less than 20 % at the erxl of the test; 

c) the inoculum in the Wank has produced more than 50 mg but less than 150 mg of carbon dioxide per 
gram of volatile solids (mean vahjes) after 10 days of incubation. 

11 T^t report 

The test report sha» provide all pertinent information, and particularty the following: 

a) a refierence to this pat of ISO 14855; 

b) 3N infomirtion necessary to identify and describe the test material, such as dry or volatile-solids content, 
organic-carbon content, shape or visual appearance; 

c) any information nec^sary to identify and descrftw the reference material and its organic-carbon content; 

<J) me vohxne of the composting vessels, the amounts of wwculum. test material and reference material, and 
me mam charactenstics of the equipment used to detemnine the carbon dioxide and that used to 
aeternme the cart)on; 
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e) information on the inoculum, such as source, age, date of collection, storage, harxjlmg stabtlization, total 
dry solids, volatile solids, pH of suspension, total nitrogen content or volatile fatty aods. as appropriate. 

f) the results obtained for the carbon dioxide evolved and percentage biodegradation tot each composting 
vessel and the averages, in tabular form and graphically, as well as the final degree of biodegradation o( 
the test material and the reference material and the activity of the inoculum (CO^ production after 10 days 
in the blank), 

g) the results of the visual observations on the inoculum and the test matenal during and at the end of tfie 
test, such as moisture content, fungal development, structure, colour, smell and degree of disintegration, 
as well as physical measurements and/or photographs: 

h) the mass of each composting vessel at the start and the end of the test, and details of any mass-loss 
measurements, if perfomned, 

i) the reasons for rejection of any test resuKs; 

j) information on the source, type and amount of vermiculite used (if applicable); 

k) if can-ied out, the results of the cartjon balance determination 



« 
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Annex A 

(informative) 

Principle of test system 



Synthetic air free from cartwn dioxide or compressed air is supplied at a constant low pressure. If compressed 
air IS used the carbon dioxide is removed by passing the air through a suitable carbon dioxide absorption 
system If a solution of sodium hydroxide in water is used as the absorption system, the air is humidified at the 
same time. A second trap containing barium hydroxide solution can be used to indicate the absence of carbon 
dioxide 
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air 
•xtisust air 



tetimixtura 



6 N«OH solution 

7 C02-removat syttein 
B composting vessel 

9 COj-datonnination system 

Rgura A.1 — Layout of test systMn 



The air used to aerate the test mixture in the compostmg vessels should prefer^>iy be introduced at the 
bottom of the v^sei and dstributed as evenly as possMe. If biodegradation takes place, carbon dioxide is 
pro(hJced and swept out in ttw extiaust am. 

The CO2 m tie exftaust air c»i be measured drectty, e.g. with a continuous infrared analyser or a gas 
chrom^ograph In this csne, exact metering or measurement of the gas flow is necessary. Depending on the 
measurement instrtmient. it may be necessary to remove water from the ak. e.g. by cooling. If several 
composting vessels are connected up to a sin^ measuring iiwtrument, a suitable gas switch may be required. 

The exhau^ air from each composting vessel can also be attsorhed in a cartxm dioxide trap containing e.g. a 
20 gn sokdtm of sodium hydroxide in w^ and the CO, measured as dissolved irtorganic carbon (DIC), e.g. 
in a suitable TOC ana^ser (using e.g. 1^ 8245). 
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Annex B 

(informative) 

Examples of graphical representation of carbon dioxide evolution and 

biodegradation curves 
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<.«. X 



Key 

X time (days) 

Y CO2 production (g/vessel) 

1 test material 

2 blank 



Figure B.I — C02-evoliJtton curve 
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4^ X 



Key 

X time (days) 

Y degree of biodegradation (%) 

1 lag phase 

2 degradation phase 

3 plateau phase 

4 mean degree of txodegradation (65 %) 



Figure B.2 — Biodegradation curve 
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Annex C 

(informative) 

Example of mass-loss detemiination 



The determination of the loss in mass of the organic matter in a test material during a composting test may 
provide helpful quantitative information in support of the degree of biodegradation determined primarily from 
measurements of COj evolution. The following procedure gives a method of calculating this toss from 
measurement of the volatile solids of the test material and the inoculum compost at the tieginning artd the end 
of the test. 

Abbreviations: com = inoculum compost, mat = test material, mix = mijrture of test material and jnocuJum. 
ves = test vessel, wat = water. 

Subscripts: w = wet material, d = total dry solids, v = volatile solids, d/w = ratio of total dry sohds to wet 
mass, v/d = ratio of volatile solids to total dry solids, deg = degraded test material, f ^^ test 
vessel, s = start of test, e = end of test, y = empty test vessel (tare), a = addition check. 
add = added water, B = blank (inoculum only), m = mixture of test matenal arnJ irroculum, 
mean = mean value. 

1 Weigh each empty test vessel to obtain the tare (veSy) in grams. 

2 Determine the wet mass (mat^,,), the total dry solids (mat^) and the volatile solids (mat^,) of at>out 10 g of 
the test material and calculate the ratio of total dry solids to wet mass (mat^j^^) and of volatile soltds to 
total dry solids (maty/^). 

3 Use the value obtained for the wet mass of the test material introduced into each test vessel at the start of 
the test (mat^ to calculate the total volatile solids (mat^ in each test vessel m accordanc« w*h 
Equation (C.1), expressing the result In grams per vessel: 

mat^ = mat,^ x mat,j^ x mat^y^ (C 1) 

4 Determine, before the start of the test. th9 wet mass (com^), the total dry solids (com^ and tt>e volatile 
solids (comyj) of about 10 g of the compost used as the inoculum Cakujiate tt^ ratio of total dry soMs to 
wet mass (com^j^ and of volatile solids to total dry solids (com^,,^ 

5 Use the value obtained for the wet mass of the compost introduced into each test vessel at tt>e start of the 
test (com^ to calculate the total volatile solids in the compost (com^) in each vessel in accordance 
with Equation (C.2), expressing the result in grams per vessel: 

co^vfi = «>fn*f» X comj,,^,^ x com^^ (C 2) 

6 Weigh each test vessel with the test mixture of irKxxilum and test matenal and each tHank vessef 
containing inoculum compost only at the start (ves^ and vesg,) and the end (ves,^ and vesg^ of ttte 
test, expressing the result in grams per vessel 

7 Check that the correct amounts of test material (mat^, inoculum (com,^) and water (wat,^) have been 
added to the composting vessels using Equation (C 3) for the test mixtures (ves,„) and Equation (C 4) for 
the blanks (veSag): 

ves,„ = vesy + ves„, = ves^ + com^ + mat^ + wat,^ (C 3) 

veSgg = veSy + vesg, = ves^ + com,^ + wat,^ (C 4) 
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8 Fof each test vessel, calculate the amount of wet mixture of test material and inoculum remaining at the 
end of the test (mix,^) using Equation (C.5) and for each Ijlank calculate the amount of inoculum 
(com^jgg) remaining using Equation (C.6), expressing the results in grams per vessel: 

"''"wee = ^^^Be " ^®Sy (C.6) 

9 Take representative samples of at>out 10 g of the mixture of test material and inoculum from each test 
vessel at the end of the test. Determine the wet mass (mix^, the total dry solids (miXjjg) and the volatile 
solkis (mix^) and calculate the ratio of total dry solids to wet mass (mixj^/^^ and of volatile solids to total 
dry solids {m\x^^^. Use the same procedure to determine the ratio of total dry solids to wet mass 
(com^jg^,,^) and of volatile solids to total dry solids (com^g^^j^) in the blanks. 

10 Cataulate the volatile solids in each test mixture at the end of the test (mix^) using Equation (C.7) and 
the volatile solids in ttie inoculum compost in each blank vessel (com^,Bg) using Equation (C.8), 
expressing the results in grams per vessel. 

TlWvfc = "1«v^ X '"«de^« xf^'^ve/de (C.7) 

CO^vSe = COmwSe * CO'"de^^ '' COf^ve/de (C.8) 

1 1 Cateulate the mean value of the volatile solids in the blanks at the end of the test (com„gg mean) 

12 Cateulate the volatile solids in the test material in each test vessel at the end of the test (mat^^g) using 
Equation (C 9). expressing the results in grams per vessel: 

'"a«vte = "1«vfe- corvee mean (C.9) 

13 From the volatile solids, cateulate the amount of degraded test material (mat^gg) in each test vessel using 
Equation (C 10), expressing the result in grams per vessel: 

"laWj " '"a*vfs - "law (CIO) 

14 For each test vessel, cateulate the percentage loss in mass of the test material, i.e the percentage 
degree of biodegradation l\ calculated from the loss in volatile solids, using Equation (C1 1): 



0„ 



mat(,gg xlOO 



mat^ 
1 5 Cateulate the mean value D, ,^^ of the degree of biodegradation 



(C.11) 



16 IDef ermine in the same way the degree of biodegradation calculated from the loss in mass of the 
reference material, if required 
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Annex D 

(informative) 

Round-robin testing 



A round-robin test was carried out to validate this method. The test materials used were paper and * 
copolymer of poly-/?-hydroxybutyrate and poly-/3-hydroxyvalerate Cellulose with a particJe size of less than 
20 pm was used as the reference material. The test results and comments by the participanti showed that the 
method is suitable and practicable and provides test results of high predictive value The test iVSuKs are 
published in 

Pagga. U.. Beimborn, D.B.. Boelens, J., and De Wilde. B , Determination of the Aerobic BtodegradatJiWy of 
Polymenc Material in a Laboratory Controlled Composting Test, Chemosphere. 31 (1995), pp 4475-4487 
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Annex E 

(informative) 

Examples of forms 



ISO 14855-1 controlled aerobic composting test — Test report 

Test material: Reference material: 

Age of compost: 



Origin of compost: 

Volume of test vessels: 

Test results 



Method of CO2 determination: 





Mean 

blodegradation 

calculated from 

CO2 evolved 

% 


Mean 
blodegradation 
calculated from 
mass of organic 

matter 

% 


Test 
duration 

days 


Observations 


Test matenal 










Reference material 











Validity criteria 

Degree of blodegradation of reference material after 45 days > 70 %? 

Difference between percentage blodegradation of reference material in 
the different vessels at end of test < 20 %'' 

Mean CO2 production in the blank vessels after 10 days in 
tfie range 50 mg tolSO mg COj/g volatile solids? 



O Yes 



O Yes 



O Yes 



O No 



O No 



O No 
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ISO 14855-1 controlled aerobic composting test — Degree of 
blodegradation calculated from CO2 evolution 



Test materlaiyreterence material: 



TOC- 



g/g ThCOj 



.g/v«ssel 



Date 


Day 


(C02)bi 

g/vessel 


(C02)b2 

g/vessel 


(C02>BJ 

g/vessel 


(C02)B.mMn 

g/vessei 


(C02)rt 

g/vessel 


(COjb 
g/vessel 


(C02),3 

g/vessel 


0,1 

% 


% 


% 


% 









































































































































































































































































































































































































(C02)b = measured cumulative CO2 production by blank 

(COj), = measured cumulative CO2 production by test material or referer^ce matenal at time t 

(C02)bi + (COj)bj +(002)83 



Calculations: (C02)b.i 



mean 



_ (C02),-(C0,)b,i 
^' ThCO, 



ThCOj 
0,1 + D,i ♦ 0,3 
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ISO 14855-1 controlled aerobic composting test— Degree of 
biodegradation calculated from loss in mass of organic matter 



Test maferial 



Reference material: 



Test material (mat) 


maty. (9): 


mat<j (g): 


mat, (g): 


matj/^: 


matv/d; 


Inoculum, start (comj) 


conrv„(g) 


com<te (g): 


comvs (9): 


comasAws: 


comvs,.(]s 


Test mixture, end (mix,) 


miXvw (9)- 


mixje (9): 


mixve (g): 


miXde/we: 


mlx„e;tje: 


Inoculum, end (com,) 


com^ (g): 


com^, (g): 


comve (g): 


com<ieA«: 


com^e/oe: 



Test 
material 


mat^fc 

g/vessei 


matvf, 

g/vessel 


wat^ 

g/vessel 


ves™ 

g/vessel 


g/vessel 


veSy 

g/vessel 


vesm, 
g/vessel 


mlx,^ 

g/vessel 


mIXvfe 

g/vessel 


matvfe 

g/vessel 


matdeg 

g/vessel 


% 


mat! 


























mat 2 


























mats 


























matman 



























Blank 


com^g, 

g/vesse( 


CCHTIvB, 

g/vessel 


g/vessel 


VOSb, 

g/vessel 


ves.B 

g/vessel 


veSy 
g/vessel 


veSB, 

g/vessel 


com,,B« 

g/vessel 


comys, 

g/vessel 


com 1 




















com2 




















com3 




















com,r«n 





















Abbreviations: com = inoculum compost, mat = test material, mix = mixture of test material and inoculum, 
ves = test vessel, wat = water. 

Subscr^; w = wet material, d = total dry solids, v = volatile solids, d/w = ratio of total dry solids to wet 
mass, v/d = ratio of volatile solids to total dry solids, deg = degraded test material, f = test 
vessel, s = start of test, e = end of test, y = empty test vessel (tare), a = addition check, 
add = added water, B = Wank (inoculum only), m = mixture of test material and inoculum, 
mean = mean vakje. 

Catajlatton of degree of degradation based on volatile scjHds: D^ = mat^ x 100/mat^ 
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